PCR is a quick and effective way of identifying the presence and 'affiliation' of bacteriophages, or phage encoded genes from environmental samples, bacterial cells or purified viruses. The limitations are that you have to know what you are looking for in order to find it. Although the bacteriophage world doesn't have the advantage of a conserved gene, present in all members, there are many phage genes that do show nucleotide conservation even between phage which infect fairly divergent taxa. As more sequence data becomes available both through metagenomic approaches and the sequencing of complete bacteriophage genomes, PCR primers and can be increasingly refined and thus it should be an increasingly useful tool for bacteriophage biology.
Introduction
This chapter is not designed to be a panacea to all PCR and sequencing related problems in bacteriophage biology however it does systematically cover the main phage specific issues regarding the techniques. For the PCR neophyte or even beginner, the following website has very useful information http://www.horizonpress.com/pcr/.
To characterise a newly isolated bacterial strain, one of the first tools used is the polymorphism of a universal marker, typically the sequence of the 16S ribosomal DNA. This gives information of the phylogenetic position of the bacterial strain. All bacteria have ribosomes and thus ribosomal genes which fortunately make good markers due to having highly conserved regions, thus 'universal' primers can be used to amply them and highly variable regions which can be used to distinguish between bacterial strains.
Unfortunately bacteriophages have no such gene that is common to all representatives. Even when a gene may be common to all three phage families e.g.
the major structural genes, the sequences are so varied that an alignment and consequently a phylogenetic analysis is not possible (Chapter 31). One method to estimate viral diversity is to use metagenomic sequencing (Chapter 23) followed by custom designed arrays to probe known viral sequences in a range of environments.
However this scale of project is still expensive in terms of labour and cost. to either side. It is therefore possible to design primers to walk out from the known gene and to walk out by using the total amplified phage genome as a template (2).
The biggest challenge in bacteriophage PCR and sequencing is the choice of gene to be amplified and the consequent design of primers. The gene of choice is obviously dependent upon the question being addressed. For questions of diversity the best understood bacteriophage 'genus' is the 'T4 -like' viruses in the family Myoviridae where primers have been designed for the major capsid proteins gp23 and gp20 and for the gene which encodes DNA polymerase (gp43). These have been predominantly used to study diversity in cyanophages (3-5) but they have also been effective in oceanic viruses in general (6) . Caution must always be taken however in the interpretation of authors' claims to virus primers being 'universal' as they may not be ubiquitously so. Even genes which are common to all 'T4 -like' myoviruses are widely divergent (7).
5
No such environmental screens have been carried out for oceanic Siphoviridae and Podoviridae, likely reflects the paucity of knowledge of these phage sequences. As more sequence data becomes available both through sequencing metagenomes and individual phage genomes, probing the 'phageome' with PCR based approaches will become easier. Similarly viruses which infect archea have been less studied in many ways than phages of eubacteria and due to the high diversity of genes that have been identified, no such environmental screens of diversity based on PCR have been attempted. When sufficient study has been performed on a group of phages in a particular environment, sequence data can be generated which then lends itself to further study by PCR. An example of this is in the dairy industry where bacteriophages are a major economic problem. In Lactococcus most phages belong to one of three major groups of Siphoviridae (8) . This allows multiplex PCR primers to be designed for a relatively rapid screen of dairy plants. However recent more detailed analysis has identified many novel groups even within this narrow environment that cannot be detected with PCR (9). When working with individual bacteriophages then electron microscopy can be used to establish the family to which they belong (Chapter 12). Then at least it is possible to establish for example whether the phage was a myovirus and whether to expect a gp20 product from a PCR reaction. Although the morphology of viruses does not always reflect their genetics, if the 'genus' within the phage family can be established (Chapter 12) there is a higher chance of perhaps using this information to design appropriate primers.
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If the aim of the project is to identify temperate bacteriophages then primers specific to integrases may be a suitable target although it is worth remembering how varied such sequences can be (10) . The identity of the bacteriophage family is not so useful when screening for bacteriophage encoded genes acquired from their bacterial hosts.
For example cyanophage acquired photosynthesis genes may be amplified equally successfully with the same primers from either powdered viruses or myoviruses (11) .
If no sequence data is available for the bacteriophage/s being studied then it may be possible to design primers from closely related bacteriophages. However as sequences can be so varied, even with significant degeneracy often this may be of little use. In an ideal world one could completely sequence the entire genome of the bacteriophage (Chapter 26) however in reality this is currently outwith the scope of most projects and budgets. The presence or absence of particular genes may be determined using Southern blotting. Cold and radiolabeled RFLP's (Chapter 26) may be done in parallel and the appropriate fragment of gene from the cold version can be cloned and sequenced. If more than one bacteriophage has been isolated for a new organism, it may be useful to determine the genes they have in common as if the phages are in the same family, they are likely to share structural genes. It may be the case that even hybridisation approaches fail and one solution is to take proteomic approach to identify the major structural proteins (Chapter 18 and 39). This will allow degenerate primers to be designed and sequence data generated. Although this approach may seem cumbersome, it has been successful when trying to obtain sequence data for poorly characterised bacterial taxa (12).
Materials
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All solutions, plastic and glass wear and equipment should be clean and sterile. PCR reagents and DNA should be kept at -20 ºC. All other solutions should be kept at room temperature unless stated otherwise.
Target DNA (template) for PCR
This is obtained as described below. 4. Gel documentation system or UV transilluminator and camera
Methods
Template preparation
A 1 µl sample of a 1:5 dilution of a 10 11 phage stock diluted in dH 2 0 may produce a suitable template without having to prepare pure DNA through extraction. An alternative method is to pick a phage plaque and re-suspend it in 50 µl of water.
Leave at room temperature for 30-60 min and then boil for a few minutes in a water bath (13) . Up to 25 µl of this cleaned phage lysate may be necessary for PCR. (see
Note 2)
. DNA may also be extracted from PFGE experiments by performing two rounds of freezing and thawing of the plugs or bands of interest followed by centrifugation at 1500 x g to sediment the agarose. The supernatant can be directly used as a template for PCR. This type of approach is often useful when probing community viral DNA, following PFGE analysis to look for the presence of particular genes (14) .
If these approaches do not work then a DNA extraction has to be carried out. See Chapters 2, 23 and 34. Generally 1-100 ng of high quality DNA template is necessary per reaction. As for any DNA, extracted template should be stored in either ultra pure water or in Tris buffer (pH 7). For reference to appropriate chapters to produce suitable template please see above.
Target DNA (template) for sequencing
Sequencing of phage genes may be performed from PCR products in the usual way.
Alternatively they may be sequenced directly from phage DNA prepared from Genomiphi (GE Healthcare) or a similar enzyme. This is useful if either it is not possible to get a PCR product to work, or it is necessary to walk out from a known sequence to genes that are not known. Refer to manual for instructions. In brief the template is denatured and then left at 37 µºC overnight in the presence of the DNA polymerase from φ29 in the case of Genomiphi and random hexamers. The reaction is denatured by heating at 60 ºC for 5 min. The resulting DNA is quantified by absorbance at 260 ºC, 1 µg of DNA per sequencing run is required.
Primer design
Primers are designed in the usual way and it is a good idea to use software to design them to avoid problems with dimmers, runs and hairpins and appropriate GC contents and melting temperatures. For information on software, see http://molbioltools.ca/PCR.htm. The better the primers, the fewer downstream problems there are with PCR. Commonly used primer sequences for diversity screening of marine bacteriophages are given in Table 1 . These give the exact sequences for cyanophage specific primers from the Myoviridae (5, (15) (16) (17) and for more general members of the T4 type phages (6) . The primers also illustrate the amount of degeneracy required even in these conserved genes in order to detect as many different isolates as possible. 
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Sequences from which to design primers are obtained from GenBank. For general sequence recovery information on how to do this see http://molbioltools.ca/GenBank.htm.
Amplification reaction
There is nothing different about amplification conditions for amplifying genes from 
PCR Enhancers
A number of additives can be included to encourage PCR to work more efficiently. influence the structure of DNA, reducing secondary structure and allowing the template to be more amenable to the PCR. They are all useful in specific circumstances, and if used incorrectly can do more harm than good. Further information can be found http://www.staff.uni-mainz.de/lieb/additiva.html.
Detection and analysis of reaction product
Again there is nothing specifically phage related to be done here. Make a 0. 2. Adding too much DNA can result in non-specific amplification. When amplifying from bacterial DNA when screening for phage products of phage encoded products more DNA may be required (up to 1000 ng). Care must be taken to limit the amount of Taq polymerase inhibitors as much as possible (such as detergent, EDTA and
